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(54) METHOD FOR AN ENHANCED MANAGEMENT OF CONFIGURATION INFORMATION AND/OR 
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COMPUTER PROGRAM PRODUCT

(57) The invention relates a method for an enhanced
management of configuration information and/or stateful
information in a communication network, wherein the
communication network comprises a plurality of network
nodes (11, 12, 13) and a distributed NoSQL database
functionality (20), wherein the distributed NoSQL data-
base functionality (20) comprises a plurality of database
entities (21, 22, 23), wherein query messages between
the plurality of network nodes (11, 12, 13) and the NoSQL
database functionality (20) are transmitted using a data
modeling language with a graph-like or tree-like data
structure, wherein the query messages comprise graphs
referencing vertices stored in the plurality of database
entities (21, 22, 23), wherein a specific graph of a specific
query message comprises references to at least two ver-
tices,
wherein the at least two vertices referenced in the specific
graph are distributed within a group of initial graph par-
titions and/or modified graph partitions across the data-
base entities (21, 22, 23) of the NoSQL database func-
tionality (20).
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Description

BACKGROUND

[0001] The present invention relates a method for an
enhanced management of configuration information
and/or stateful information in a communication network,
wherein the communication network comprises a plural-
ity of network nodes and a distributed NoSal database
functionality, wherein the distributed NoSal database
functionality comprises a plurality of database entities,
wherein query messages between the plurality of net-
work nodes and the NoSal database functionality are
transmitted using a data modeling language with a graph-
like or tree-like data structure, wherein the query mes-
sages comprise graphs referencing vertices stored in the
plurality of database entities, wherein a specific graph of
a specific query message comprises references to at
least two vertices.
[0002] Furthermore, the present invention relates to a
system for an enhanced management of configuration
information and/or stateful information in a communica-
tion network, wherein the communication network com-
prises a plurality of network nodes and a distributed NoS-
al database functionality, wherein the distributed NoSal
database functionality comprises a plurality of database
entities, wherein query messages between the plurality
of network nodes and the NoSal database functionality
are transmittable using a data modeling language with a
graph-like or tree-like data structure, wherein the query
messages comprise graphs referencing vertices stored
in the plurality of database entities, wherein a specific
graph of a specific query message comprises references
to at least two vertices.
[0003] Additionally, the present invention relates to a
program comprising a computer readable program code
which, when executed in part on a query profile module,
a graph partitioning module, a query router module, a
query handler module and/or on a database entity and/or
on a network node, causes the query profile module, the
graph partitioning module, the query router module, the
query handler module and/or the database entity and/or
the network node to perform a method according to an
embodiment of the present invention.
[0004] Additionally, the present invention relates to a
computer program product for an enhanced manage-
ment of configuration information and/or stateful informa-
tion in a communication network, the computer program
product comprising a computer program stored on a stor-
age medium, the computer program comprising program
code which, when executed in part on a query profile
module, a graph partitioning module, a query router mod-
ule, a query handler module and/or on a database entity
and/or on a network node, causes the query profile mod-
ule, the graph partitioning module, the query router mod-
ule, the query handler module and/or the database entity
and/or the network node to perform a method according
to an embodiment of the present invention.

[0005] For the management of configuration informa-
tion and/or stateful information in a communication net-
work, network nodes need to be able to receive config-
uration data and changes of configuration data from da-
tabases as well as write stateful data into the databas-
es/stores. Therein, the handling of query messages is
extremely important. A typical, non-limiting example of a
data modeling language with a graph-like or tree-like data
structure employed for query messages is YANG ("yet
another next generation"), which is a data modeling lan-
guage for the definition of data sent over the NETCONF
network configuration protocol. Existing systems have
the problem that the storage of vertices referenced/ad-
dressed in the query messages is not efficient such that
the handling of the query messages involves increased
workload.

SUMMARY

[0006] An object of the present invention is to provide
an improved method for an enhanced management of
configuration information and/or stateful information in a
communication network, wherein an improved stor-
age/database functionality is provided such that the re-
quired resources for routing and/or answering query
messages are minimized.
[0007] The object of the present invention is achieved
by a method for an enhanced management of configu-
ration information and/or stateful information in a com-
munication network, wherein the communication network
comprises a plurality of network nodes and a distributed
NoSal database functionality, wherein the distributed
NoSQL database functionality comprises a plurality of
database entities, wherein query messages between the
plurality of network nodes and the NoSal database func-
tionality are transmitted using a data modeling language
with a graph-like or tree-like data structure, wherein the
query messages comprise graphs referencing vertices
stored in the plurality of database entities, wherein a spe-
cific graph of a specific query message comprises refer-
ences to at least two vertices, wherein the at least two
vertices referenced in the specific graph are distributed
within a group of initial graph partitions across the data-
base entities of the NoSQL database functionality by the
following steps:

-- in a first step, a plurality of query messages is
tracked and analyzed by a query profile module,
wherein the query profile module generates work-
load information for a specific vertex referenced in
the specific graph of the specific query message of
the plurality of query messages associated to storing
the specific vertex on a specific database entity out
of the plurality of database entities, wherein the work-
load information for the specific vertex is a function of

-- the number of query messages of the plurality
of query messages referencing the specific ver-
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tex,
-- the frequency of query messages of the plu-
rality of query messages referencing the specific
vertex,
-- wherein, in case the specific vertex is the first
or last vertex of a graph partition, the workload
information is additionally a function of a com-
munication cost value associated with hop-
ping/transitioning to a vertex in a different graph
partition,

-- in a second step - after the first step - in depend-
ence of the workload information, a partitioning of
the specific graph into a group of initial graph parti-
tions is performed by a graph partitioning module,
wherein each graph partition of the group of initial
graph partitions is distributed to at least one different
database entity of the plurality of database entities,
and/or

wherein the at least two vertices referenced in the specific
graph are distributed within a group of modified graph
partitions across the database entities of the NoSQL da-
tabase functionality by the following steps:

-- in a first step, a plurality of query messages is
tracked and analyzed by a query profile module,
wherein the query profile module generates work-
load information for a specific vertex referenced in
the specific graph of the specific query message of
the plurality of query messages associated to storing
the specific vertex on a specific database entity out
of the plurality of database entities, wherein the work-
load information for the specific vertex is a function of

-- the number of query messages of the plurality
of query messages referencing the specific ver-
tex,
-- the frequency of query messages of the plu-
rality of query messages referencing the specific
vertex,
-- wherein, in case the specific vertex is the first
or last vertex of a graph partition, the workload
information is additionally a function of a com-
munication cost value associated with hop-
ping/transitioning to a vertex in a different graph
partition,

-- in a second step - after the first step - in depend-
ence of the workload information, a partitioning of
the specific graph into a group of modified graph par-
titions is performed by a graph partitioning module,
wherein each graph partition of the group of modified
graph partitions is distributed to at least one different
database entity of the plurality of database entities,

wherein a further query message, transmitted from a spe-
cific network node of the plurality of network nodes and

directed either

-- at editing and/or writing and/or retrieving stateful
information in and/or from the NoSQL database func-
tionality or
-- at retrieving configuration information from the
NoSQL database functionality, is handled by the fol-
lowing steps:

-- in a third step - after the second step - the
further query message is transmitted from the
specific network node with the help of a query
router module, wherein the query router module
routes the further query message to the data-
base entity comprising at least one graph parti-
tion of the graph of the further query message,
-- in a fourth step - after the third step - the further
query message is received by specific database
entity comprising at least one graph partition of
the graph of the further query message, wherein,
with the help of a query handler module having
access to the NoSQL database functionality, the
further query message is solved and/or an-
swered.

[0008] According to the present invention, it is thereby
advantageously possible to employ a (highly) distributed
database functionality (the NoSQL database functional-
ity) for an enhanced management of configuration infor-
mation and/or stateful information in a communication
network, wherein query messages between the plurality
of network nodes and the NoSQL database functionality
are transmitted using a data modeling language with a
graph-like or tree-like data structure. In particular, it is
possible that vertices (at least two vertices or more than
two vertices) that are referenced in a specific graph of a
specific query message are distributed among a group
of graph partitions (an initial group of graph partitions
and/or a modified group of graph partitions) across dif-
ferent database entities which are part of the NoSQL (Not
only SQL, Not only structured query language) database
functionality as part of a first step and a second step.
Thereby, it is advantageously possible to reduce the
number of network hops (between different database en-
tities) needed to solve a query message.
[0009] In case the at least two vertices referenced in
the specific graph are distributed within a group of initial
graph partitions across the database entities of the
NoSQL database functionality, it is advantageously pos-
sible that the plurality of query messages is a typical (es-
pecially an estimated) set of query messages. By tracking
and analyzing such a plurality of query messages in a
first step, it is possible that workload information for a
specific vertex referenced (or comprised) in the specific
graph of the specific query message of the plurality of
query messages is generated by a query profile module.
It is preferably possible that (respective) workload infor-
mation for many (or all) vertices referenced (or comprised
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in a) specific graph of the specific query message of the
plurality of query messages is generated by the query
profile module. It is possible that the generated workload
information is a measure for the workload (or the amount
of required resources) when handling/routing the plurality
of query messages associated to storing the specific ver-
tex on a specific database entity (and/or the specific ver-
tex in a specific graph partition on a specific database
entity). It is advantageously possible that the workload
and/or the amount of resources required for routing/han-
dling/answering the plurality of query messages is mini-
mized because in dependence of the workload informa-
tion, a partitioning of the specific graph into a group of
initial graph partitions (and preferably a partitioning of
many graphs into groups of initial graph partitions) is per-
formed by a graph partitioning module, wherein each
graph partition of the group of initial graph partitions is
distributed to at least one different database entity of the
plurality of database entities in a second step.
[0010] Alternatively or additionally it is advantageously
possible to optimize/enhance the partitioning in a first
step and second step. Therein the at least two vertices
referenced in the specific graph are distributed within a
group of modified graph partitions across the database
entities of the NoSQL database functionality. In this case,
it is possible that the plurality of query messages is a
typical set of query messages arising during operation
of the system (during the exchange of query messages
between network nodes and the NoSQL database func-
tionality). By tracking and analyzing such a plurality of
query messages in a first step, it is possible that workload
information for a specific vertex referenced (or com-
prised) in the specific graph of the specific query mes-
sage of the plurality of query messages is generated by
a query profile module. It is preferably possible that (re-
spective) workload information for many (or all) vertices
referenced (or comprised in a) specific graph of the spe-
cific query message of the plurality of query messages
is generated by the query profile module. It is possible
that the generated workload information is a measure for
the workload (or the amount of required resources) when
handling/routing the plurality of query messages associ-
ated to storing the specific vertex on a specific database
entity (and/or the specific vertex in a specific graph par-
tition on a specific database entity). It is advantageously
possible that the workload and/or the amount of resourc-
es required for routing/handling/answering the plurality
of query messages is minimized because in dependence
of the workload information, a partitioning of the specific
graph into a group of modified graph partitions (and pref-
erably a partitioning of many graphs into groups of mod-
ified graph partitions) is performed by a graph partitioning
module, wherein each graph partition of the group of
modified graph partitions is distributed to at least one
different database entity of the plurality of database en-
tities in a second step. Therein, it is especially possible
that a group of initial graph partitions is changed, such
that the graph partitioning is adapted to the plurality of

query messages arising during operation of the system
(during the exchange of query messages between net-
work nodes and the NoSQL database functionality).
[0011] According to the present invention, after the par-
titioning in the second step is done, it is possible that a
further query message, transmitted from a specific net-
work node of the plurality of network nodes (and typically
many further query messages from many different net-
work nodes), directed at editing/writing/retrieving stateful
information in and/or from the NoSQL database function-
ality or at retrieving configuration information from the
NoSQL database functionality is handled in an efficient
manner by a third step and a fourth step.
[0012] According to the present invention, it is advan-
tageously possible that a message exchange of query
messages using a graph-like or tree-like data structure
between a plurality of network nodes and a NoSQL da-
tabase functionality is handled more efficiently because
the vertices referenced in the graphs of the query mes-
sages of the plurality of query messages (or at least the
specific vertex referenced in the specific graph of the
specific query message of the plurality of query messag-
es) are distributed among a plurality of database entities
that are part of the NoSQL database functionality in an
efficient way such that, when handling a (further) query
message, a reduced of amount of database entities of
the plurality of database entities is involved in handling
the (further) query message. Therein, it is advantageous-
ly possible to realize a distributed database functionality
for a communication network, wherein network nodes
employ query messages with a graph-like or tree-like da-
ta structure.
[0013] According to the present invention, it is advan-
tageously possibly that a network-wide configuration
store (database functionality) is realized, wherein fea-
tures such as N-way master-less replication, multi-data-
center deployment, handling of consistency versus avail-
ability issues in face of network partitions, linear scale-
out properties and high throughput are achievable.
[0014] According to an embodiment of the present in-
vention, the query router module is at least partly com-
prised in or associated with the specific network node.
[0015] It is advantageously possible according to an
embodiment of the present invention that the query router
module (or parts thereof) is partly comprised in or asso-
ciated with many (or all) network nodes of the plurality of
network nodes.
[0016] According to an embodiment of the present in-
vention, the query profile module is at least partly com-
prised in or associated with the specific database entity,
wherein especially the query profile module is partly com-
prised in or associated with each database entity of the
plurality of database entities, wherein the graph partition-
ing module is at least partly comprised in or associated
with the specific database entity, wherein especially the
graph partitioning module is partly comprised in or asso-
ciated with each database entity of the plurality of data-
base entities, wherein query handler module is at least
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partly comprised in or associated with the specific data-
base entity, wherein especially the query handler module
is partly comprised in or associated with each database
entity of the plurality of database entities.
[0017] It is advantageously possible according to an
embodiment of the present invention that the query pro-
file module is partly comprised in or associated with many
database entities of the plurality of database entities. It
is additionally or alternatively possible that the graph par-
titioning module is partly comprised in or associated with
many database entities of the plurality of database enti-
ties. It is additionally or alternatively possible that the que-
ry handler module is partly comprised in or associated
with many database entities of the plurality of database
entities. It is possible that the query profile module, the
graph partitioning module and the query handler module
(or parts thereof) are bundled together at a database en-
tity, either as local processes communicating over local
sockets or as linked-in libraries or extensions of the da-
tabase functionality application programming interface
(API) (e.g., a Cassandra API).
[0018] According to an embodiment of the present in-
vention, the workload information for the specific vertex
is further a function of a cost value associated to answer-
ing the query messages of the plurality of query messag-
es referencing the specific vertex, wherein especially
each query message of the plurality of query messages
is weighted with a predefined relative importance value.
[0019] Thereby, it is advantageously possible accord-
ing to an embodiment of the present invention that the
vertices referenced in the graphs of query messages of
the plurality of query messages are distributed among a
plurality of database entities that are part of the NoSQL
database functionality in a further enhanced way.
[0020] According to an embodiment of the present in-
vention, the data modeling language with a graph-like or
tree-like data structure is YANG and the NoSQL data-
base functionality is a Cassandra-based NoSQL data-
base functionality.
[0021] Thereby it is possible according to an embodi-
ment of the present invention that a highly scalable and
distributed database functionality is employed.
[0022] According to an embodiment of the present in-
vention, the partitioning of the specific graph into the
group of initial graph partitions during the second step is
performed such that a workload indicated by the work-
load information is minimized.
[0023] Thereby, it is advantageously possible that the
workload and/or the amount of resources required for
routing/handling/answering the plurality of query mes-
sages is minimized in an enhanced way.
[0024] According to an embodiment of the present in-
vention, in the first step workload information for a further
specific vertex referenced in the specific graph is gener-
ated analogous to the generation of the workload infor-
mation for the specific vertex, wherein especially in the
first step workload information for each specific vertex
referenced in the specific graph is generated analogous

to the generation of the workload information for the spe-
cific vertex.
[0025] It is possible according to an embodiment of the
present invention that in the first step workload informa-
tion for a plurality of further specific vertices referenced
in the specific graph is generated analogous to the gen-
eration of the workload information for the specific vertex.
[0026] According to an embodiment of the present in-
vention, in the first step workload information for each
vertex referenced in any of the graphs of the plurality of
query messages is generated analogous to the genera-
tion of the workload information for the specific vertex,
wherein the partitioning of each graph of the plurality of
query messages into a respective group of initial graph
partitions and/or a respective group of modified graph
partitions - in the second step - is performed analogous
to the partitioning of the specific graph into the group of
initial graph partitions and/or the group of modified graph
partitions.
[0027] According to an embodiment of the present in-
vention, after the second step either:

-- the specific vertex is comprised in only one initial
graph partition or modified graph partition or
-- the specific vertex is comprised in a plurality of
initial graph partitions or modified graph partitions.

[0028] Thereby, it is possible according to an embod-
iment of the present invention that a specific vertex might
by comprised in more than one initial graph partition or
modified graph partition. Additionally or alternatively, it
is possible that a further specific vertex is comprised in
only one initial graph partition or modified graph partition.
[0029] According to an embodiment of the present in-
vention, the partitioning in the second step is performed
utilizing a basic partition cut, a complementary partition
cut and/or redundant partitioning.
[0030] The object of the present invention is also
achieved by system for an enhanced management of
configuration information and/or stateful information in a
communication network, wherein the communication
network comprises a plurality of network and a distributed
NoSQL database functionality, wherein the distributed
NoSQL database functionality comprises a plurality of
database entities, wherein query messages between the
plurality of network nodes and the NoSQL database func-
tionality are transmittable using a data modeling lan-
guage with a graph-like or tree-like data structure, where-
in the query messages comprise graphs referencing ver-
tices stored in the plurality of database entities, wherein
a specific graph of a specific query message comprises
references to at least two vertices, wherein the system
is configured to distribute the at least two vertices refer-
enced in the specific graph within a group of initial graph
partitions across the database entities of the NoSQL da-
tabase functionality by:

-- a query profile module is configured to track and

7 8 



EP 3 422 206 A1

6

5

10

15

20

25

30

35

40

45

50

55

analyze a plurality of query, wherein the query profile
module is configured to generate workload informa-
tion for a specific vertex referenced in the specific
graph of the specific query message of the plurality
of query messages associated to storing the specific
vertex on a specific database entity out of the plurality
of database entities, wherein the workload informa-
tion for the specific vertex is a function of

-- the number of query messages of the plurality
of query messages referencing the specific ver-
tex,
-- the frequency of query messages of the plu-
rality of query messages referencing the specific
vertex,
-- wherein, in case the specific vertex is the first
or last vertex of a graph partition, the workload
information is additionally a function of a com-
munication cost value associated with hop-
ping/transitioning to a vertex in a different graph
partition,

-- in dependence of the workload information, a
graph partitioning module is configured to perform a
partitioning of the specific graph into a group of initial
graph partitions, wherein each graph partition of the
group of initial graph partitions is configured to be
distributed to at least one different database entity
of the plurality of database entities, and/or

wherein the system is configured to distribute the at least
two vertices referenced in the specific graph within a
group of modified graph partitions across the database
of the NoSQL database functionality by:

-- a query profile module is configured to track and
analyze a plurality of query, wherein the query profile
module is configured to generate workload informa-
tion for a specific vertex referenced in the specific
graph of the specific query message of the plurality
of query messages associated to storing the specific
vertex on a specific database entity out of the plurality
of database entities, wherein the workload informa-
tion for the specific vertex is a function of

-- the number of query messages of the plurality
of query messages referencing the specific ver-
tex,
-- the frequency of query messages of the plu-
rality of query messages referencing the specific
vertex,
-- wherein, in case the specific vertex is the first
or last vertex of a graph partition, the workload
information is additionally a function of a com-
munication cost value associated with hop-
ping/transitioning to a vertex in a different graph
partition,

-- in dependence of the workload information, a
graph partitioning module is configured to perform a
partitioning of the specific graph into a group of mod-
ified graph partitions, wherein each graph partition
of the group of modified graph partitions is configured
to be distributed to at least one different database
entity of the plurality of database entities,

wherein the system is configured to handle a further que-
ry message, transmittable from a specific network node
of the plurality of network nodes and directed either

-- at editing and/or writing and/or retrieving stateful
information in and/or from the NoSQL database func-
tionality or
-- at retrieving configuration information from the
NoSQL database functionality, by:
-- the further query message is configured to be
transmitted from the specific network node with the
help of a query router module, wherein the query
router module is configured to route the further query
message to the database entity comprising at least
one graph partition of the graph of the further query
message,
-- the further query message is configured to be re-
ceived by specific database entity comprising at least
one graph partition of the graph of the further query
message, wherein, with the help of a query handler
module having access to the NoSQL database func-
tionality, the further query message is configured to
be solved and/or answered.

[0031] Additionally, the object of the present invention
is achieved by program comprising a computer readable
program code which, when executed in part on a query
profile module, a graph partitioning module, a query rout-
er module, a query handler module and/or on a database
entity and/or on a network node, causes the query profile
module, the graph partitioning module, the query router
module, the query handler module and/or the database
entity and/or the network node to perform a method ac-
cording to an embodiment of the present invention.
[0032] Additionally, the object of the present invention
is achieved by computer program product for an en-
hanced management of configuration information and/or
stateful information in a communication network, the
computer program product comprising a computer pro-
gram stored on a storage medium, the computer program
comprising program code which, when executed in part
on a query profile module, a graph partitioning module,
a query router module, a query handler module and/or
on a database entity and/or on a network node, causes
the query profile module, the graph partitioning module,
the query router module, the query handler module
and/or the database entity and/or the network node to
perform a method according to an embodiment of the
present invention.
[0033] The inventive system, program and computer
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program product share the advantages described for the
inventive method and embodiments of the inventive
method.
[0034] These and other characteristics, features and
advantages of the present invention will become appar-
ent from the following detailed description, taken in con-
junction with the accompanying drawings, which illus-
trate, by way of example, the principles of the invention.
The description is given for the sake of example only,
without limiting the scope of the invention. The reference
figures quoted below refer to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035]

Figure 1 schematically illustrates a system accord-
ing to an embodiment of the present invention.

Figure 2 schematically illustrates a specific network
node of the plurality of network nodes according to
an embodiment of the present invention.

Figure 3 schematically illustrates a specific data-
base entity of the plurality of database entities ac-
cording to an embodiment of the present invention.

DETAILED DESCRIPTION

[0036] The present invention will be described with re-
spect to particular embodiments and with reference to
certain drawings but the invention is not limited thereto
but only by the claims. The drawings described are only
schematic and are non-limiting. In the drawings, the size
of some of the elements may be exaggerated and not
drawn on scale for illustrative purposes.
[0037] Where an indefinite or definite article is used
when referring to a singular noun, e.g. "a", "an", "the",
this includes a plural of that noun unless something else
is specifically stated.
[0038] Furthermore, the terms first, second, third and
the like in the description and in the claims are used for
distinguishing between similar elements and not neces-
sarily for describing a sequential or chronological order.
It is to be understood that the terms so used are inter-
changeable under appropriate circumstances and that
the embodiments of the invention described herein are
capable of operation in other sequences than described
or illustrated herein.
[0039] In Figure 1, a system for an enhanced man-
agement of configuration information and/or stateful in-
formation in a communication network according to an
embodiment of the present invention is schematically il-
lustrated. The system comprises the communication net-
work, wherein the communication network comprises a
plurality of network nodes 11, 12, 13 and a distributed
NoSal database functionality 20. The distributed NoSal
database functionality 20 comprises a plurality of data-

base entities 21, 22, 23, which may or may not be phys-
ically separated from each other (e.g., at different loca-
tions). Query messages are transmittable between the
plurality of network nodes 11, 12, 13 and the NoSal da-
tabase functionality 20 employing a data modeling lan-
guage with a graph-like or tree-like data structure, espe-
cially YANG. Such query message can, e.g., be directed
at editing and/or writing and/or retrieving stateful infor-
mation in and/or from the NoSal database functionality
20 or at retrieving configuration information from the NoS-
al database functionality 20. Therein, communication
links between the plurality of network node 11, 12, 13
and the plurality of database entities 21, 22, 23 exist. It
is also possible that there are communication links be-
tween different database entities 21, 22, 23 of the plurality
of database entities 21, 22, 23 (not shown) and between
different network nodes 11, 12, 13 of the plurality of net-
work nodes 11, 12, 13 (not shown).
[0040] According to an embodiment of the present in-
vention, it is possible that the at least two vertices refer-
enced in the specific graph are distributed within a group
of initial graph partitions 400 across/among the database
entities 21, 22, 23 of the NoSQL database functionality
20 by a first and second step. In the first step, a plurality
of query messages is tracked and analyzed by a query
profile module 30, which is preferably partly comprised
in each database entity 21, 22, 23, wherein the query
profile module 30 generates workload information 300
for a specific vertex referenced in the specific graph of
the specific query message of the plurality of query mes-
sages associated to storing the specific vertex on a spe-
cific database entity 21 out of the plurality of database
entities 21, 22, 23. The workload information 300 for the
specific vertex is a function of the number of query mes-
sages of the plurality of query messages referencing the
specific vertex, the frequency of query messages of the
plurality of query messages referencing the specific ver-
tex, a cost value associated to answering all query mes-
sages of the plurality of query messages referencing the
specific vertex and, in case the specific vertex is the first
or last vertex of a graph partition 400 (i.e., an edge), the
workload information 300 is additionally a function of a
communication cost value associated with hopping/tran-
sitioning to a vertex in a different graph partition 400. In
the second step - after the first step - in dependence of
the workload information 300, a partitioning of the specific
graph into a group of initial graph partitions 400 is per-
formed by a graph partitioning module 40, which is pref-
erably partly comprised in each database entity 21, 22,
23. Therein, each graph partition of the group of initial
graph partitions 400 is distributed to at least one different
database entity 21, 22, 23 of the plurality of database
entities 21, 22, 23. The distribution is done such that the
workload/cost/amount of resources and/or potentially
time, associated to handling/routing/answering the plu-
rality of query messages is minimized, by minimizing the
workload/cost/amount of resources and/or potentially
time indicated by the workload information. The first and
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second steps can also be performed for a group of mod-
ified graph partitions 400 instead of the group of initial
graph partitions 400, as described above. It is thereby
advantageously possible according to the present inven-
tion to employ a group of query messages in the first and
second step that arises during operation of the system,
i.e., during normal communication between the plurality
of network nodes 11, 12, 13 and the plurality of database
entities 21, 22, 23, when distributing the vertices refer-
enced in the specific graph within a group of modified
graph partitions 400. Therein by the first and second step,
the partitioning is done such that a further query mes-
sage, transmitted from a specific network node 11 of the
plurality of network nodes 11, 12, 13 and directed at ed-
iting and/or writing and/or retrieving stateful information
in and/or from the NoSQL database functionality 20 or
at retrieving configuration information from the NoSQL
database functionality 20, is handled by a third and fourth
step. In the third step - after the second step - the further
query message is transmitted from the specific network
node 11 with the help of a query router module 50, which
is at least partly comprised in or associated with the spe-
cific network 11, wherein the query router module 50
routes the further query message to the database entity
21, 22, 23 comprising at least one graph partition 400 of
the graph of the further query message. Therein, it is
possible that query router module 50 is aware of the por-
tioning (e.g., by having access to a query routing map
100, in which information on the partitioning of the group
of initial graph partitions 400 and/or the group of modified
graph partitions 400 is stored/comprised), i.e., is aware
of which vertex is stored in which graph partition and
where on which database entity 21, 22, 23, the respective
graph partition is located. Therein, it is possible that the
further query message is directly routed by the query
router module 50 to the correct specific database entity
21, 22, 23. In a fourth step - after the third step - the
further query message is received by the specific data-
base entity 21, 22, 23, comprising at least one graph
partition 400 of the graph of the further query message,
wherein the further query message is especially received
by a query handler module 60, which partly comprised
in or associated with the specific database entity 21, 22,
23. With the help of a query handler module 60 having
access to the NoSQL database functionality 20, the fur-
ther query message is solved and/or answered.
[0041] In Figure 2, a specific network node 11 of the
plurality of network nodes 11, 12, 13 according to an em-
bodiment of the present invention is schematically illus-
trated. The specific network node 11 partly comprises a
query router module 50 (at least a part thereof). The query
router module 50 (or the part of the query router module
50) is configured to route and or transmit a further query
message from the specific network node 11 to the data-
base entity 21, 22, 23 of the NoSQL database function-
ality 20 comprising at least one graph partition 400 of the
graph of the further query message, as depicted by the
arrow starting at the query router module 50 in Figure 2.

Therein, it is possible that the query router module 50
routes/transmits any particular query message from the
specific network node 11 to a database entity 21, 22, 23,
which comprises a graph partition 400, comprising a ver-
tex referenced in the graph of the particular query mes-
sage. Furthermore, it is preferred that the specific net-
work node 11 and/or the query router module 50 com-
prises or has access to a query routing map 100 (or a
part thereof). Other network nodes 12, 13 of network
nodes 11, 12, 13 can be formed similarly or identically to
the specific network node 11.
[0042] In Figure 3, a specific database entity 21 of the
plurality of database entities 21, 22, 23 according to an
embodiment of the present invention is schematically il-
lustrated. A query profile module 30 is at least partly com-
prised in or associated with the specific database entity
21. Furthermore, a graph partitioning module 40 is at
least partly comprised in or associated with the specific
database entity 21. Also, a query handler module 60 is
at least partly comprised in or associated with the specific
database entity 21. An initial graph partition 400 or a mod-
ified graph partition 400 (or many initial or modified graph
partitions 400) is comprised in the specific database en-
tity 21. The initial graph partition 400 or the modified
graph partition 400 is a result of the partitioning of a spe-
cific graph of a specific query message of a plurality of
query messages or of many specific graphs of query mes-
sages of a plurality of query messages the by the graph
partitioning module 40 in a second step. Furthermore,
workload information 300 is comprised in the specific da-
tabase entity 21. The workload information 300 is gen-
erated by the query profile module 30, after the query
profile module tracked and analyzed a plurality of query
messages. The workload information 300 concerns a
specific vertex referenced in the specific graph of the
specific query message of the plurality of query messag-
es and is associated to storing the specific vertex on a
specific database entity 21 out of the plurality of database
entities 21, 22, 23. In particular, the workload information
300 is a function of the number of query messages of the
plurality of query messages referencing the specific ver-
tex, the frequency of query messages of the plurality of
query messages referencing the specific vertex and - in
case the specific vertex is the first or last vertex of a graph
partition 400 - , the workload information 300 is addition-
ally a function of a communication cost value associated
with hopping/transitioning to a vertex in a different graph
partition 400. It is possible that workload information 300
concerning each vertex referenced in the specific graph
of the specific query message is comprised in the specific
database entity 21 and also that workload information
300 concerning each vertex referenced in each graph
each query message of the plurality of query message
is comprised in the specific database entity 21 (especially
at least for every vertex that is comprised in the specific
database entity 21). Other database entities 22, 23 of the
plurality of database entities 21, 22, 23 can be formed
similarly or identically to the specific database entities 21.
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Claims

1. Method for an enhanced management of configura-
tion information and/or stateful information in a com-
munication network, wherein the communication
network comprises a plurality of network nodes (11,
12, 13) and a distributed NoSQL database function-
ality (20), wherein the distributed NoSQL database
functionality (20) comprises a plurality of database
entities (21, 22, 23), wherein query messages be-
tween the plurality of network nodes (11, 12, 13) and
the NoSQL database functionality (20) are transmit-
ted using a data modeling language with a graph-
like or tree-like data structure, wherein the query
messages comprise graphs referencing vertices
stored in the plurality of database entities (21, 22,
23), wherein a specific graph of a specific query mes-
sage comprises references to at least two vertices,
wherein the at least two vertices referenced in the
specific graph are distributed within a group of initial
graph partitions (400) across the database entities
(21, 22, 23) of the NoSQL database functionality (20)
by the following steps:

-- in a first step, a plurality of query messages
is tracked and analyzed by a query profile mod-
ule (30), wherein the query profile module (30)
generates workload information (300) for a spe-
cific vertex referenced in the specific graph of
the specific query message of the plurality of
query messages associated to storing the spe-
cific vertex on a specific database entity (21) out
of the plurality of database entities (21, 22, 23),
wherein the workload information (300) for the
specific vertex is a function of

-- the number of query messages of the plu-
rality of query messages referencing the
specific vertex,
-- the frequency of query messages of the
plurality of query messages referencing the
specific vertex,
-- wherein, in case the specific vertex is the
first or last vertex of a graph partition (400),
the workload information (300) is addition-
ally a function of a communication cost val-
ue associated with hopping/transitioning to
a vertex in a different graph partition (400),

-- in a second step - after the first step - in de-
pendence of the workload information (300), a
partitioning of the specific graph into a group of
initial graph partitions (400) is performed by a
graph partitioning module (40), wherein each
graph partition of the group of initial graph par-
titions (400) is distributed to at least one different
database entity (21, 22, 23) of the plurality of
database entities (21, 22, 23),

and/or
wherein the at least two vertices referenced in the
specific graph are distributed within a group of mod-
ified graph partitions (400) across the database en-
tities (21, 22, 23) of the NoSQL database function-
ality (20) by the following steps:

-- in a first step, a plurality of query messages
is tracked and analyzed by a query profile mod-
ule (30), wherein the query profile module (30)
generates workload information (300) for a spe-
cific vertex referenced in the specific graph of
the specific query message of the plurality of
query messages associated to storing the spe-
cific vertex on a specific database entity (21) out
of the plurality of database entities (21, 22, 23),
wherein the workload information (300) for the
specific vertex is a function of

-- the number of query messages of the plu-
rality of query messages referencing the
specific vertex,
-- the frequency of query messages of the
plurality of query messages referencing the
specific vertex,
-- wherein, in case the specific vertex is the
first or last vertex of a graph partition (400),
the workload information (300) is addition-
ally a function of a communication cost val-
ue associated with hopping/transitioning to
a vertex in a different graph partition (400),

-- in a second step - after the first step - in de-
pendence of the workload information (300), a
partitioning of the specific graph into a group of
modified graph partitions (400) is performed by
a graph partitioning module (40), wherein each
graph partition (400) of the group of modified
graph partitions (400) is distributed to at least
one different database entity (21, 22, 23) of the
plurality of database entities (21, 22, 23),

wherein a further query message, transmitted from
a specific network node(11) of the plurality of network
nodes (11, 12, 13) and directed either

-- at editing and/or writing and/or retrieving state-
ful information in and/or from the NoSQL data-
base functionality (20) or
-- at retrieving configuration information from the
NoSQL database functionality (20), is handled
by the following steps:
-- in a third step - after the second step - the
further query message is transmitted from the
specific network node (11) with the help of a que-
ry router module (50), wherein the query router
module (50) routes the further query message
to the database entity (21, 22, 23) comprising at
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least one graph partition (400) of the graph of
the further query message,
-- in a fourth step - after the third step - the further
query message is received by specific database
entity (21, 22, 23) comprising at least one graph
partition (400) of the graph of the further query
message, wherein, with the help of a query han-
dler module (60) having access to the NoSQL
database functionality (20), the further query
message is solved and/or answered.

2. Method according to claim 1, wherein the query rout-
er module (50) is at least partly comprised in or as-
sociated with the specific network node (11).

3. Method according to any of the preceding claims,
wherein the query profile module (30) is at least partly
comprised in or associated with the specific data-
base entity (21), wherein especially the query profile
module (30) is partly comprised in or associated with
each database entity (21, 22, 23) of the plurality of
database entities (21, 22, 23), wherein the graph par-
titioning module (40) is at least partly comprised in
or associated with the specific database entity (21),
wherein especially the graph partitioning module
(40) is partly comprised in or associated with each
database entity (21, 22, 23) of the plurality of data-
base entities (21, 22, 23), wherein query handler
module (60) is at least partly comprised in or asso-
ciated with the specific database entity (21), wherein
especially the query handler module (60) is partly
comprised in or associated with each database entity
(21, 22, 23) of the plurality of database entities (21,
22, 23).

4. Method according to any of the preceding claims,
wherein the workload information (300) for the spe-
cific vertex is further a function of a cost value asso-
ciated to answering the query messages of the plu-
rality of query messages referencing the specific ver-
tex, wherein especially each query message of the
plurality of query messages is weighted with a pre-
defined relative importance value.

5. Method according to any of the preceding claims,
wherein the data modeling language with a graph-
like or tree-like data structure is YANG and the
NoSQL database functionality is a Cassandra-based
NoSQL database functionality.

6. Method according to any of the preceding claims,
wherein the partitioning of the specific graph into the
group of initial graph partitions (400) during the sec-
ond step is performed such that a workload indicated
by the workload information (300) is minimized.

7. Method according to any of the preceding claims,
wherein in the first step workload information (300)

for a further specific vertex referenced in the specific
graph is generated analogous to the generation of
the workload information (300) for the specific vertex,
wherein especially in the first step workload informa-
tion (300) for each specific vertex referenced in the
specific graph is generated analogous to the gener-
ation of the workload information (300) for the spe-
cific vertex.

8. Method according to any of the preceding claims,
wherein in the first step workload information (300)
for each vertex referenced in any of the graphs of
the plurality of query messages is generated analo-
gous to the generation of the workload information
(300) for the specific vertex, wherein the partitioning
of each graph of the plurality of query messages into
a respective group of initial graph partitions (400)
and/or a respective group of modified graph parti-
tions (400) - in the second step - is performed anal-
ogous to the partitioning of the specific graph into
the group of initial graph partitions (400) and/or the
group of modified graph partitions (400).

9. Method according to any of the preceding claims,
wherein after the second step either:

-- the specific vertex is comprised in only one
initial graph partition (400) or modified graph
partition (400) or
-- the specific vertex is comprised in a plurality
of initial graph partitions (400) or modified graph
partitions (400).

10. Method according to any of the preceding claims,
wherein the partitioning in the second step is per-
formed utilizing a basic partition cut, a complemen-
tary partition cut and/or redundant partitioning.

11. System for an enhanced management of configura-
tion information and/or stateful information in a com-
munication network, wherein the communication
network comprises a plurality of network nodes (11,
12, 13) and a distributed NoSQL database function-
ality (20), wherein the distributed NoSQL database
functionality (20) comprises a plurality of database
entities (21, 22, 23), wherein query messages be-
tween the plurality of network nodes (11, 12, 13) and
the NoSQL database functionality (20) are transmit-
table using a data modeling language with a graph-
like or tree-like data structure, wherein the query
messages comprise graphs referencing vertices
stored in the plurality of database entities (21, 22,
23), wherein a specific graph of a specific query mes-
sage comprises references to at least two vertices,
wherein the system is configured to distribute the at
least two vertices referenced in the specific graph
within a group of initial graph partitions (400) across
the database entities (21, 22, 23) of the NoSQL da-
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tabase functionality (20) by:

-- a query profile module (30) is configured to
track and analyze a plurality of query, wherein
the query profile module (30) is configured to
generate workload information (300) for a spe-
cific vertex referenced in the specific graph of
the specific query message of the plurality of
query messages associated to storing the spe-
cific vertex on a specific database entity (21) out
of the plurality of database entities (21, 22, 23),
wherein the workload information (300) for the
specific vertex is a function of

-- the number of query messages of the plu-
rality of query messages referencing the
specific vertex,
-- the frequency of query messages of the
plurality of query messages referencing the
specific vertex,
-- wherein, in case the specific vertex is the
first or last vertex of a graph partition (400),
the workload information (300) is addition-
ally a function of a communication cost val-
ue associated with hopping/transitioning to
a vertex in a different graph partition (400),

-- in dependence of the workload information
(300), a graph partitioning module (40) is con-
figured to perform a partitioning of the specific
graph into a group of initial graph partitions
(400), wherein each graph partition (400) of the
group of initial graph partitions (400) is config-
ured to be distributed to at least one different
database entity (21, 22, 23) of the plurality of
database entities (21, 22, 23),

and/or
wherein the system is configured to distribute the at
least two vertices referenced in the specific graph
within a group of modified graph partitions (400)
across the database entities (21, 22, 23) of the
NoSQL database functionality (20) by:

-- a query profile module (30) is configured to
track and analyze a plurality of query, wherein
the query profile module (30) is configured to
generate workload information (300) for a spe-
cific vertex referenced in the specific graph of
the specific query message of the plurality of
query messages associated to storing the spe-
cific vertex on a specific database entity (21) out
of the plurality of database entities (21, 22, 23),
wherein the workload information (300) for the
specific vertex is a function of

-- the number of query messages of the plu-
rality of query messages referencing the

specific vertex,
-- the frequency of query messages of the
plurality of query messages referencing the
specific vertex,
-- wherein, in case the specific vertex is the
first or last vertex of a graph partition (400),
the workload information (300) is addition-
ally a function of a communication cost val-
ue associated with hopping/transitioning to
a vertex in a different graph partition (400),

-- in dependence of the workload information
(300), a graph partitioning module (40) is con-
figured to perform a partitioning of the specific
graph into a group of modified graph partitions
(400), wherein each graph partition (400) of the
group of modified graph partitions (400) is con-
figured to be distributed to at least one different
database entity (21, 22, 23) of the plurality of
database entities (21, 22, 23), wherein the sys-
tem is configured to handle a further query mes-
sage, transmittable from a specific network
node(11) of the plurality of network nodes (11,
12, 13) and directed either
-- at editing and/or writing and/or retrieving state-
ful information in and/or from the NoSQL data-
base functionality (20) or
-- at retrieving configuration information from the
NoSQL database functionality (20), by:
-- the further query message is configured to be
transmitted from the specific network node (11)
with the help of a query router module (50),
wherein the query router module (50) is config-
ured to route the further query message to the
database entity (21, 22, 23) comprising at least
one graph partition (400) of the graph of the fur-
ther query message,
-- the further query message is configured to be
received by specific database entity (21, 22, 23)
comprising at least one graph partition (400) of
the graph of the further query message, wherein,
with the help of a query handler module (60)
having access to the NoSQL database function-
ality (20), the further query message is config-
ured to be solved and/or answered.

12. Program comprising a computer readable program
code which, when executed in part on a query profile
module (30), a graph partitioning module (40), a que-
ry router module (50), a query handler module (60)
and/or on a database entity and/or on a network
node, causes the query profile module (30), the
graph partitioning module (40), the query router mod-
ule (50), the query handler module (60) and/or the
database entity and/or the network node to perform
a method according to any one of claims 1 to 10.

13. Computer program product for an enhanced man-
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agement of configuration information and/or stateful
information in a communication network, the com-
puter program product comprising a computer pro-
gram stored on a storage medium, the computer pro-
gram comprising program code which, when execut-
ed in part on a query profile module (30), a graph
partitioning module (40), a query router module (50),
a query handler module (60) and/or on a database
entity and/or on a network node, causes the query
profile module (30), the graph partitioning module
(40), the query router module (50), the query handler
module (60) and/or the database entity and/or the
network node to perform a method according to any
one of claims 1 to 10.
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